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Introduction

New (g — 2) experiment (and th. progress):

a%® —aM = (25577 £ 16 + 30) x 10~ M

Outline
@ Remarks on a,,, new physics

@ New physics contributions to a,, in general
@ Benchmark for any new physics scenario

@ Timely, complementary constraints

@ Examples within SUSY, Little Higgs, ...:
Parameter measurements, model discrimination
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Why new physics?

Big questions. .. point to TeV scale new physics
/ EWSB, Higgs, mass generation?
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dark matter? Grand Un?gl‘?cation?
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Tevatron, LHC: this decade = era of TeV-scale physics
— discover signals for new physics
Quest: understand EWSB, understand new physics
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Why is a, special?

’?W_Z AL O pr FH MR : § : HL

Beautifully simple “textbook” quantity

CP- and Flavour-conserving, chirality-flipping, loop-ind uced

b — sv
compare: EDMs,B — 7v EWPO
n— ey
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New physics contributions to a,

g — 2 = chirality-flipping interaction HR

m,, = chirality-flipping interaction as well MR

ML

are the two related?

Magnetic moment (g — 2),, and new physics

New physics contributions to  a,, in general



New physics contributions to a,

g — 2 = chirality-flipping interaction MR ; § : foL

m,, = chirality-flipping interaction as well 1R i ; m

are the two related?

New physics loop contributions to a,,, m,, related by chiral symmetry

[Czarnecki, Marciano '01]

_ om,(N.P.)

m 2
generally:  da,(N.P.) = O(C) (V”) , C p
“w
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Very different contributions to a,

_ B m,\ 2 ~ om,(N.P.)
generally: da,(N.P.) = O(C) ( M ) , C= m,
classify new physics: C very model-dependent ]
O(1) radiative muon mass generation . ..

[Czarnecki,Marciano '01]
supersymmetry (tan 3), unparticles

[Cheung, Keung, Yuan '07]

O(£ ...) | extradim. (ADD/RS) (nc). ..

[Davioudasl, Hewett, Rizzo '00]
[Graesser,’00][Park et al '01][Kim et al '01]

O(£) Z', W', UED, Littlest Higgs (LHT). ..

L L L L L L L
250 500 750 10001250 150017502000
M[TeV]
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a,, and new physics

Different types of new physics lead to very different éa,,(N.P.)
@ SUSY, RS, ADD, ...: strong parameter constraints
@ Z'’, UED, LHT, ...: ruled out if deviation confirmed

If new physics found at LHC:
@ a, constitutes a benchmark for new physics models
@ can sharply distinguish between different types of models

@ timely, complementary constraints on models
CP- and Flavour-conserving, chirality-flipping, loop-induced

Magnetic moment (g — 2),, and new physics New physics contributions to  a,, in general



a,, and new physics

Different types of new physics lead to very different éa,,(N.P.)
@ SUSY, RS, ADD, ...: strong parameter constraints
@ Z'’, UED, LHT, ...: ruled out if deviation confirmed

If new physics found at LHC:
@ a, constitutes a benchmark for new physics models
@ can sharply distinguish between different types of models

@ timely, complementary constraints on models
CP- and Flavour-conserving, chirality-flipping, loop-induced

Now illustrate general points with examples
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Standard particles SUSY particles

ud cd 1 ‘ u ¢t v
dy si b Higgs d s b q
~ ~ 3 .
volle vl Y

Quarks @ Letons @ Force particies Squarks @ sieptons @ St fowe
. 100GeV \ 2
a3’ ~ 130 x 10~ tan 3 sign(u) <7>
Msusy
tang = z—i i = Hi-H transition —  central for EWSB

If SUSY signals at LHC:
Need confirmation, precise SUSY parameter measurements
— understand EWSB, ...

Magnetic moment (g — 2),, and new physics a,,, parameter measurements and model discrimination



a, central complement for SUSY parameter analyses

tan3=40, u>0

| SPS4 D%‘Z
L]
[ Ds8
sl fsm o5 3 .
>
“r . SPS3 ® sPs@ 8
o 10k @ SPSe  SPss \5
P oSS £
i °
SPS9
201 Dgﬂ
30 D§1
-50|- Diﬁ
1000 1500
SPS benchmark points LHC Inverse Problem (300fb —1) my;, (GeV)
can't be distinguished at LHC Constrained MSSM [Ellis, Olive, et al, update K. Olive]

[Sfitter:  Adam, Kneur, Lafaye,
Plehn, Rauch, Zerwas '10]

@ a, sharply distinguishes SUSY models
@ breaks LHC degeneracies
@ central, complementary in global analyses of SUSY parameters
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a, central complement for SUSY parameter analyses

205 tan g = z—i
i central for understanding EWSB
B LHC: (tan 5)-HCmasss — 10 4 4.5 bad

[Sfitter: Lafaye, Plehn, Rauch, Zerwas '08, assume SPS1a]

a, improves tan 3 considerably

2 4 6 8 10 12 14 16
tan g8
vision: test universality of tan 3, like for cos 6y = '\I\A/I_\g in the SM:
(tg)2 = (tg)-HOM===8 — (t5)H = (t5)°?
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[Georgi; Arkani-Hamed,Cohen,Georgi]

thtlest nggs (Wlth T'parlty) Concrete LHT model: [Cheng, Low '03]

[Hubisz, Meade, Noble, Perelstein '06]

Bosonic SUSY
@ partner states, same spin
@ cancel quadratic div.s
@ T-parity=-lightest partner stable

~250 GeV
m,\2 i
no enhancement of & () SM, Higgs
abHT <12 x 10_11 [Blanke, Buras, et al '07]
Clear-cut prediction, sharp distinction from SUSY possible
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Other examples

Randall-Sundrum models )
Island Unlverﬁe;ln ‘Warped Space-Time Co m ple m entarlty: L H C

@ lowest KK-modes
@ masses

a,, from KK-loops
@ higher modes, details

What if the LHC does not find new physics — “Dark force”? (pospeiov, Ritz....]

@ very light new vector boson C x 1078 M < 1GeV

@ very weak coupling @ a, can be large

@ motivated e.g. by dark matter, not @ could be “seen” by
by EWSB a,-exp.
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Conclusions

@ Big questions of TeV-scale (EWSB) motivate radically new ideas

@ Understanding TeV-scale phenomena discovered at the
LHC/Tevatron requires input from complementary experiments

@ a)}" very model-dependent, typically O(+10...500) x 10~
@ Benchmark for new physics scenario, unique

@ New measurement of a,, will
@ sharply distinguish models, even with similar LHC signatures
@ exclude some models, pin down important details of others

FER
20 \D e ’J
/

\\

break degeneracies
measure central parameters

a,, will provide critical input and sharp constraints and will be timely
complement of LHC in understanding TeV-scale physics J
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@ Introduction

9 New physics contributions to a,, in general

@ a,,, parameter measurements and model discrimination
@ Conclusions

9 Backup on LHC, fits, tan 8

@ Backup on complementarity to flavour-changing processes
e Backup other models

@ Backup on SUSY
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SUSY Discovery at LHC, LHC Conference 2010

Ultimate discovery reach for SUSY particles at the LHC
(indicative plots, model-dependent...)
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200 §
= The mass scale probed for
B W0 400 600 500 1000 1200 1400 squarks and gluinos will be
. AT une o (gaugino) m,, (GeV) typically 2.5 TeV by 2017 .
Experimental Summaryand Outlook

However, reach for (x, ft) worse, and more model-dependent
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Sfitter SUSY fits e e e

[M. Lamont, '10] 14300
16024 P
5 g T s SPSTS &
LHC LHC (g —2) LH 166434
SE sl | nie 4%
W0ISE 46 1001 36| 1021e 7%
1917+ 48 1914+ 35| 1933x 78 LA
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196250(108) 2034500103 | 2782010 =103 £
1362+0(107)  1568+0(10%) | 164.1+0(10°) e z
19260 53 1923+ 45| 19326 88 1940+ 68| 1944 5 o B
Bavs 43 DBiek 39| Ds0r 83 - H
19275 53 19225 45| 1933 i H
1340+ 48 1336+ \*) b1
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measurements have b sed. T the thied and fh colamn we nclde th current measurement of (s — 2. All masses are
sivenin GeV. LHC - near and medium term prospects

Fits need 300fb~! (~10 years runnlng)

D51 DS2 DS3 DS54 DS7

tan 3 12.3+5.6 12.4+5.0 14.9+9.8 R.945.9 13.847.5
M, 102.7+7.1  189.5+6.2 107.249.2  383.249.1 105.046.€
Ma 185.5-7.0 356.948.7  114.2410.7  194.7+7.3
I L362.747.8  -3647+6.8 -186.0+8.5  -167.0+9.6 353.047.7
Ao 73 22000 1700 25000 0.4
ILC 1 i X2 G 1
2h? 0.17+0.07 (4+£2)-107% 014 +£008 (8+4)-107* 0.16 £ 0.07
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Sfitter SUSY fits

(1[M1|M2)
sl P °¥?|(83|368|136)
“or SPS1b o5 o8
“5 (352(99|192)
“r = SPS3 ® sPs®
o o spss P DS1-12 can't be distinguished at LHC (300fb—1)
L e ______SPSS if SPSla realized [Sfitter:  Adam, Kneur,
° Lafaye, Plehn, Rauch, Zerwas '10]
=r o 8 (—184(101|354)
-50- og6
D51 DS2 DS3 DS4 DS7
tan 3 12.34+5.6 12445.0 14.94+9.8 8.945.9 13.8+7.5
M, 7 189.54+6.2 107.249.2 383.249.1 105.0£6.9
Mo 185.5+7.0 96.+6.4 356.94+8.7 114.2410.7 194.74+7.3
I -362.7+£7.8 -364.716.8 -186.0£8.5  -167.0+9.6 353.047.7
Axie 73 22000 1700 25000 0.4
ILC F1 Yi X3 xi F1
2h? 0174007 (442)-107* 0144008 (84+4)-107* 0.16 4 0.07
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Sfitter SUSY fits

only experi errors including flat theory errors SPSTa
LHC LHC &(g LHC LHC &g — 2)
tan 3 98+ 23 9. 20 100+ 45 103+ 20| 100
M, 1015+ 46 10LI= 36| 1021+ 78 1027+ 59| 103.1
My 1917+ 48 1914+ 35| 1933 78 1932+ 58| 1929

M 5757+ 77 5754+ 73| 5772+ 145 5782+ 120 | 577.9
Mz, 196.2+0(10%)  263.4+0(10%) | 227.8£0(10°)  253.7+0(10%) | 193.6

M, | 1362+0(10%)  1568+0(10%) | 164.1+£0(10°)  134.120(10%) | 1334
My, | 192, 53 1923+ 45| 1932+ 88 1940+ 68| 1944
M; 1340+ 48 1336+ 39| 1350+ 83 1356+ 63| 1358

M, | 1927+ 53 1922+ 45| 1933+ 88 1940+ 67| 1944
1340+ 48 1336+ 39| 1350+ 83 1356+ 63| 1358
M, | 4782+ 94 4761+ 75| 4814+ 220 4856+ 224 | 4808
4295+0(102)  704.0+0(102) | 4158£0(10%)  439.0+0(102) | 4083

M;,

My, | S012% 100 5024+ 78 | S0L7+ 179 4992+ 193 | 5029
My, | 5236+ 84 5230+ 75| 5246+ 145 5255+ 106 | 5266
Mg, | 5062+ 117 5058+ 114 | 5073+ 17.5 507.6= 158 | 508.1
A, fixed 0 fixed 0 fixed 0 fixed 0 -249.4
A 5006+ 584 -519.8+ 643 | -509.1+ 867 -530.6= 116.6 | -490.9
A fixed 0 fixed 0 fixed 0 fixed 0 -763.4
ma 46.1+0(10%)  473.9+0(10%) | 406.3+0(10%)  411.1+0(10%) | 394.9
" 3509+ 73 3502+ 65| 350.5+ 145 3525+ 108 | 3537
m 1714+ 10 17014+ 10| 1704+ 1.0 1714+ 090 | 1714

8 10 12 14 16

Table 1: Result for the general MSSM parameter determination at the LHC in SPS la. The left part neglects all theory errors, tan g

the right one assumes flat theory errors. In all cases a set of 20 kinematic endpoints and the top-quark and lightest Hi

ogs-mass

measurements have been used. In the third and fifth column we include the current measurement of (g — 2). All masses are

given in GeV.

Importance: tan 3, i are central parameters in EWSB
1
p?>+M5, = Bpucotf+ EM% cos2f3

1
WP+ ME, = Buptanp-— §M§ cos2(3
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tan ¢ determinations from Les Houches 2007 Report,
M.M. Nojiri, T. Plehn, G. Polesello

LHC LHC (g 7]
98 23 o7+ 20
0156 46 10116 36
917+ 48 1914 35 2.
5157+ 17 554: 13| 5772+ 145 1| 5779
1962+0(10°)  263420(10%) | 227.820(10%) 1936

1362£0(10%)  1568+0(10%) | 164.120(10%) nuﬂuu’ 1334
1926+ 5. 45| 19325 88 1940= 68 | 1944
13405 48 39| 1Bs0= 83
19275 53 45| 1933= 88
1350+ 48 1336+ 39| 1350+ 83

47825 94 4761 75| 48Lar 220 4
4295£0(102)  T040<0(10%) | 4158=0(102)
5012+ 100 5024+ 78 | S0L7E 179
236 8B4 N0 15 | Nae= 145

From Les Houches 2007 Report,
M.M. Nojiri, T. Plehn, G. Polesello

Table 1 shows the resu]l of our SPSh analysis. For comparison and to make the effect of the additional
(g — 2) data easily visible, we include the result without (g — 2) data from Tables VIl and IX of Ref. [31]. We give
results with experimental errors only (columns 2 and 3) and including theory errors (columns 4 and 5). The effect
wof the additional information on the accuracy of the parameter determination is clearly visible. It is particularly
ignificant for tan 3, which is not well determined by the measurements of kinematic endpoints at the LHC. The
stsource of information on tan [ is the light MSSM Higgs mass [109], but this observable strongly relies on the
assumed minimal structure of the Higgs sector, on the knowledge of many other MSSM parameters, and on the
estimate of the theory errors due to higher orders. Because of a lack of complementary measurements (for example
Ay¢) achange in tan (J can always be compensated by an appropriate change in other MSSM parameters, leaving
the value of all LHC observables unchanged. Additional sources of a tan 7 measurement are the production rate
for heavy Higgs bosons [110] and rare decays like B, — pp~, which we study elsewhere in this volume, but
both of them only work for large enough values of tan 3.

The (g — 2) prediction has a leading linear dependence on tan . Therefore, the improvement of the
tan /3 errors by more than a factor of two can be easily understood. This improved accuracy of tan (3 influences
those parameters which must be re-rotated when tan 3 is changed to reproduce the same physical observables.
Correlations and loop corrections propagate the improvement over almost the complete parameter space.
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tan ¢ determinations from Les Houches 2007 Report,

M.M. Nojiri, T. Plehn, G. Polesello

tanp

@ a, linear, requires y, ji masses

@ lightest Higgs mass My
depends on minimality of
Higgs sector, many other
SUSY parameters (A;!)

s T T —
40+
30+
2ol “7" ATLAS Preliminary
(Simulation)
= lep/had Discovery Limit
""" W -~ lep/had Theoretical Uncertainty
10~ " 5o Discovery =" lep/had Uncorrelated Systematcs |
L y -.-.-.- lep/had No Systematics
75 mi'® scenario lep/lep Discovery Limit
6 ,‘ \ng=14 Tey, L=30|fb" ‘ lep/lep ‘410% ofth) ‘Uncenaintyl
100 200 300 400 500 600 700 800
m, [GeV]

[ATL-Phys-pub-2010-011]

@ production rate of heavy Higgs

bosons: only if heavy Higgs
can be discovered, cross
section measured! Then
O(10%) possible.

Bs — pu o tan® 3/M3:
problems

(1) non-perturbative theory
uncertainty O(30%),

(2) requires precise Mp! Can
hope to obtain O(10...20%)
for tan 8 > 30.

Note, heavy Higgses difficult
unless tan 3 large

Magnetic moment (g — 2),, and new physics
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Complementarity to B —

How sensitive to NP are observables?

[Isidori, Paradisi '06]: . .

“The observables B — 7v, Bs — uu and a,, can be Which aspects of NP are determined by observables?

considered as the most promising low-energy probes of

the MSSM scenario with heavy squarks and

large tan 3" @ B, — v tree-level (HE) ~ tan? ﬂ/Mﬁi
_ excl.by B, — pp B(B, )< 10-8 .

0] <o = T i @ B — ppu: loop-induced, o< tan® B/M3

[*) a,,: o< tan 3, no flavour-parameters

o b-decays sensitive to non-MFV-parameters!

 samy
6014 g
1 <10% /* H g
507
] ATLAS Preliminary
] (Simulation)
g ] . = sconario ——
1 :
304 : @ Recal, O
dif g difficult at LHC

b Use complementarity (assume masses known (LHC)):

excluded by iy o a, — tg, b-decays — tg/My a/SUSY-flavour structure
] Baw e @ I MFV is assumed/established: use of b-decays:
o if Ma 4 known—alternative tan 3-measurement
200 400 600 800 1000 1200 if not, use tg from a,, — infer My o
My ’
Minimal Flavour Violation [*] Note; (tﬁ)a/‘: Higgsino-coupling, (tﬁ)b: Higgs-coupling
u=1TeV, A, = —1TeV, Mﬁ = 1TeV, M|~ = 5TeV, Crucial test of SUSY!
M, = 300GeV

tic moment (g — 2),, and new physics ackup on complementarity to flavour-changing processes



Impact of small non-MFV on b — sy
0 bt SN S

. ‘—— l-loop

= Sooa, ‘OS*MEY ... lllustration: dependence on small
— Z-loop, "minimal" MEV |
non-MFV parameters

/f”" @ Minimal Flavour Violation at
L T which scale?

@ loops induce FCNC

05| . (=non-MFV) Gluino-couplings
@ b — sy-prediction depends on
L JUVEEE

02— . < -
w w1t ™ w® ™ 1" D .
ey [GE V] @ similar if there are generic

non-MFV contributions

005

C M)

[Degrassi,Gambino,Slavich '06]
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Complementarity to CLFV

@ different sensitivities .
@ However B-diagram anyway

suppressed, a,, dominated by
chargino exchange

@ Hence: even if Am? ~ 0.2m?,
Am~~L X Ame only 10% correction to a,,

[Moroi '95]

@ a, from B-diagram could be
sensitive to multiple
FC-insertions:

@ only possibility for large
FC-effects in a,,: AmZ., and
Am~~R both large.

@ a, clean probe of
flavour-diagonal parameters
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g — 2 and Randall-Sundrum models

Gravity propagates in extra dimension

MR KK-Graviton jR

each KK-Graviton contributes equally, weakly, no decoupling

theory breaks down at scale ~ A, nc KK-gravitons up to that scale
5nc m/2¢

RS
=AY e Az

potential enhancement o« nc = O(1...100 ~ 1/coupling)
@ feels all KK-gravitons
@ very sensitive to UV-completion of theory

Magnetic moment (g — 2),, and new physics Backup other models



g — 2 and Randall-Sundrum models

) Complementarity: LHC
i 7 @ lowest KK-gravitons
Zg«, L i @ determines model parameters
- /| aytells us what the cutoff is
] "~ e hintto full 5-dim dynamics
NT | 1 e guides model building of
[Kim, Kim, Song'01] 10 100 full theory

potential enhancement o« nc = O(1...100 ~ 1/coupling)
@ feels all KK-gravitons
@ very sensitive to UV-completion of theory

Magnetic moment (g — 2),, and new physics Backup other models



Alternative models

@ Hidden sector coupling to muon vckeen o)

Aay,

e Y
\\ 1-[
w S
,
-
\\‘
~,
— s
10 S
-
&
~,
~,
A1 g
107 S
\?w::::'-'?
- ~,
o ., ~.
L ~
10" L. M
s v
fiadl i i i -
0.1 1 10 100 1000

my (GeV)

Lint = \XYRpL + - ..
AL =0.1

@ Dark matter=-a,, leptogenesis, neutrino masses simultaneously
[Hambye,Kannike,Ma,Raidal '06]

(C very large, M ~ 1TeV possible)

Magnetic moment (g — 2),, and new physics
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Numerical results

70 . [ alldata
mj,; arbitrary MM > 1TeV

full result
— — — improved one-loop

100 200 300 400 500 600 700
Miosp [GeV]

General MSSM for tan 3 = 50, all parameters < 3 TeV [DS '06]

@ SUSY with Mgysy = 200...600GeV
fits well

@ large parameter regions already
excluded

Magnetic moment (g — 2),, and new physics

tanB=10, u>0

imp =114 Gev
;
b

PoMy: = 104GeV

mg (GeV)

100 200 300 400 500 600 700 800 900 1000
myy, (GeV)

Constrained MSSM [Ellis, Olive, et al, update K. Olive]

Complementary constraints:

a,, dark matter, b — s~y

Backup on SUSY



g — 2 and SUSY

1oocsev> 2
Msusy

a5’ ~ 130 x 10~ tan 3 sign(y.) (
Why enhanced? g — 2 = chirality-flipping interaction
@ In SUSY, chirality-flips governed by A, and m, = A, (Hj)

@ two Higgs doublets: tan g = u = Hy — Hj transition

_ (Hz)
(H1>

= all terms o A, but two options:

X /\M<H1> = mu
x Ay p{Hz)=m, p tan g

Magnetic moment (g — 2),, and new physics Backup on SUSY



g — 2 and SUSY

1oocsev> 2

a5’ ~ 130 x 10~ tan 3 sign(y.) (
' Msusy

o A p(Hz) = my, p tan 3

where A\, (Hy) =m,

potential enhancement oc A, o tan 5 = 1...50 (and ocsign(y))
@ sensitive to muon mass generation mechanism
@ structure of Higgs sector

Magnetic moment (g — 2),, and new physics Backup on SUSY



SUSY without prejudice - compare observables

g
Numberof Models with 8 = i

bssy

mackls

e Bl

Wil B > e

LB &E  we  omer  amoe  oowd  omes
Bty

Number of Models with Fefic Density in Given Range

§

4

ar

of predictions for u\ualnlmlmhh s a5 well as tan 4 for our model sample
ext. Tl

lie blue and green dashed lines show the SM

predictions as well as the current contral values obtained by experiment, respectively.

Magnetic moment (g — 2),, and new physics

@ a,
@ b— sy
@ dark matter

have highest selective power
and are complementary:

tanB=40, p>0

mp (GeV)

1000
My, (GeV)

Backup on SUSY
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